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INTRODUCTION

Epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs) are known to be effective in patients with

Kunihiko Kobayashi |
Atsuto Mouri |

Ayako Shiono | Ou Yamaguchi® |

Shun Shinomiya | Yu Miura | Hisao Imai |

Abstract

Background: There is currently insufficient information available on effective thera-
pies that can be administered to patients with non-small cell cancer (NSCLC) who
develop resistance to epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKIs). However, sequential treatment via programmed death-1 (PD-1) block-
ade followed by EGFR-TKI rechallenge is suggested to improve the therapeutic effi-
cacy in such patients.

Methods: A total of 75 patients with advanced NSCLC harboring sensitive EGFR
mutations treated with afatinib, erlotinib, or gefitinib after EGFR-TKI treatment fail-
ure were retrospectively analyzed. Among them, 13 patients were treated with EGFR-
TKI rechallenge immediately after the failure of PD-1 blockade therapy (experimental
group) and the remaining 62 patients did not receive PD-1 inhibitor therapy before
EGFR-TKI rechallenge (control group). Blood samples were collected at two time
points; before the initiation of anti-PD-1 therapy and at EGFR-TKI rechallenge.
Results: The objective response rates of EGFR-TKI rechallenge in the experimental
and control groups were 46.1% and 16.1%, respectively, with a significant difference
(p = 0.026). In the experimental group, the median progression-free survival (PFS)
and overall survival (OS) after EGFR-TKI rechallenge were 5.0 and 25.0 months,
respectively, and no statistically significant difference in the percentage of lymphocytes
before immune checkpoint inhibitor (ICI) therapy and EGFR-TKIs was observed in
patients with partial response (PR) and without PR after EGFR-TKI rechallenge. In
particular, the sequential treatment of PD-1 blockade therapy followed by EGFR-TKI
rechallenge was consecutively repeated three times in two out of 13 patients in the
experimental group, and EGFR-TKI rechallenge consecutively for the third time
yielded a PR without increased toxicities.

Conclusions: EGFR-TKI rechallenge immediately after PD-1 blockade treatment was
identified as an effective therapy for NSCLC patients with resistance to EGFR-TKIs.
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advanced non-small cell lung cancer (NSCLC) harboring
EGFR mutations." Three generations of EGFR-TKIs are
available, which are gefitinib or erlotinib as first-generation
agents, afatinib or dacomitinib as second-generation agents,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

864 wileyonlinelibrary.com/journal/tca

Thorac Cancer. 2021;12:864-873.


https://orcid.org/0000-0001-5548-7686
https://orcid.org/0000-0001-7194-6459
mailto:kkaira1970@yahoo.co.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca

KAIRA ET AL

and osimertinib as a third-generation TKI. However, EGFR
mutation is an opposite factor for the favorable prediction
of the response to immune checkpoint inhibitors (ICIs),
such as anti-programmed death-1 (PD-1)/programmed
death ligand-1 (PD-L1) antibodies.> Moreover, according to
recent reports, a combination of osimertinib, durvalumab,
and osimertinib immediately after nivolumab therapy is not
acceptable due to the increased frequency of interstitial lung
disease in patients with NSCLC harboring EGFR muta-
tions.>® Currently, clinicians consider the usefulness of
PD-1 blockade as a weak strategy for the prolongation of
survival in patients with EGFR mutation-positive NSCLC.
Notably, we have previously reported a drastic response to
EGFR-TKI rechallenge immediately after PD-1 blockade in
two patients with TKI-resistant EGFR mutation-positive
NSCLC.® It remains unknown why EGFR-TKI rechallenge
immediately after the failure of PD-1 blockade could over-
come its resistance.

Recently, there have been several reports on the thera-
peutic efficacy of EGFR-TKI rechallenge in EGFR-mutant
NSCLC.>® Yamaguchi et al. reported that afatinib
rechallenge after the failure of first-generation EGFR-TKIs
exhibited an objective response rate (ORR) of 17.0% and
disease control rate (DCR) of 79.2% and suggested afatinib
rechallenge as one of the preferred therapeutic options in
such cases.® In addition, first-generation EGFR-TKI
rechallenge has been identified to have an ORR in patients
of approximately 10%.”® Its rechallenge after EGFR-TKI
failure gives only limited efficacy and may slightly contrib-
ute to the prolongation of survival. There are no established
treatment options for patients showing resistance after
EGFR-TKI failure; thus, further research is warranted to
overcome its resistance aside from the T790M mutation.

Recently, Offin et al. reported that the tumor mutational
burden (TMB) on pre-EGFR-TKI was significantly lower
than that after EGFR-TKI resistance, and a significantly
shorter survival was associated with patients having EGFR
mutation with a high TMB than those with a low TMB.” An
analysis using paired pretreatment and post-progression
samples revealed that TMB was significantly increased at
resistance.” Their study suggests a close relationship between
EGFR-TKI resistance and increased TMB. TMB is consid-
ered a favorable predictor of response to PD-1 blockade
therapy.'® Although NSCLC patients with EGFR mutations
are suggested to have an increased TMB after resistance to
EGFR-TKIs, it remains unclear whether PD-1 blockade is
liable to suppress tumor growth. A recent study showed that
the estimated five-year overall survival (OS) rate was 16%
for patients receiving nivolumab monotherapy."' EGFR
mutation was observed in fewer patients with a five-year
survival rate, thus, PD-1 blockade provides the possibility to
contribute to the long-term survival of patients with EGFR
mutation-positive NSCLC.

Based on this background, we investigated the effective-
ness of EGFR-TKI rechallenge after EGFR-TKI failure and
elucidated the possibility of PD-1 blockade therapy followed
by EGFR-TKI rechallenge. Moreover, we evaluated the
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correlation between the transition of plasma lymphocytes
and the treatment course.

METHODS
Patients

From May 2014 to December 2019, 83 patients with advanced
NSCLC harboring sensitive EGFR mutations were treated with
afatinib, erlotinib, or gefitinib after EGFR-TKI treatment failure
at the Saitama Medical University International Medical Center.
All procedures performed in this study involving human partici-
pants were in accordance with the ethical standards of the insti-
tution and/or the National Research committee and the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards. This study was approved by the Institutional
Ethics Committee of the Saitama Medical University Interna-
tional Medical Center. In our retrospective study, patients who
had received osimertinib immediately after the failure of PD-1
blockade therapy were excluded, and the therapeutic analysis of
osimertinib as the rechallenge or in EGFR T790M-positive
NSCLC was not performed. Among 83 patients, eight without
evaluable lesions were excluded and the remaining 75 were eligi-
ble to be included in the analysis. In the experimental group,
13 of 75 patients who received EGFR-TKI rechallenge immedi-
ately after the failure of PD-1 blockade therapy were chosen, and
the remaining 62 patients who did not receive PD-1 inhibitor
before EGFR-TKI rechallenge were selected as the control group.
This control group overlapped with the previously reported
cases.” Figure 1(a) shows the CONSORT flow diagram for
patient selection.

Treatment and evaluation

Afatinib, erlotinib, or gefitinib were orally administered daily, and
the starting dose of these EGFR-TKIs was chosen by the chief
physician. In addition, erlotinib plus bevacizumab was selected
based on the judgment of the chief physician, and bevacizumab
was intravenously administered at a dose of 15 mg/kg every
three weeks. As PD-1 blockade monotherapy, nivolumab and
pembrolizumab were intravenously administered at a dose of
240 mg/day (or 3 mg/kg) and 200 mg/day, respectively. The
treatment schedule of the experimental and control groups is
shown in Figure 1(b). Complete blood cell count, differential
count, routine biochemistry measurements, physical examination,
and toxicity levels were evaluated. Acute toxicity was graded
according to the Common Terminology Criteria for Adverse
Events v4.0. Tumor response was evaluated according to the
Response Evaluation Criteria in Solid Tumors v1.1 (RECIST)."2

Blood sample analysis

The patients in the experimental group (n = 13) participated
in the observational study on peripheral blood mononuclear
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FIGURE 1 (a) Consort diagram and (b) schema of therapeutic
sequence and timing of PBMC in experimental group and control group.
Orange arrow, first-line EGFR-TKI; green arrow, any therapeutic
chemotherapy including second or more line EGFR-TKI without PD-1
blockade; red arrow, PD-1 blockade; blue arrow, EGFR-TKI rechallenge
after PD-1 blockade treatment

cell (PBMC) analysis as a predictor of PD-1 blockade. Writ-
ten informed consent was obtained from all 13 patients
included for the analysis of PBMC. Blood samples were col-
lected at two time points before the initiation of PD-1 block-
ade therapy and EGFR-TKI rechallenge (Figure 2(b)).
PBMC analysis was performed according to our previous
study.”” Cells were stained with monoclonal antibodies
(mAbs) using the BD Accuri C6 plus flow cytometer
(Becton Dickinson and Company) and the BD LSR Fortessa
(Becton, Dickinson and Company). The following mAbs
were used in the study: fluorescein isothiocyanate (FITC)-
conjugated anti-CD3 (HIT3a) and anti-CD4 (RPA-T4),
phycoerythrin (PE)-conjugated anti-CD8 (RPATS8) and
anti-CD25 (M-A251), PE-Cy7-conjugated anti-CD25
(MA251), PE-Cy5-conjugated anti-CD62L (Dreg 56; all
from BD Pharmingen), and FITC-conjugated anti-CD62L
(Dreg 56; eBioscience).

Statistical analysis

In this study, Fisher’s exact test was used to determine the
association between two categorical variables. The Kaplan-
Meier method was used to estimate survival as a function of
time and survival differences were analyzed using the log-
rank test. Progression-free survival (PFS) was defined as the

time from the initial administration of the EGFR-TKI
rechallenge to tumor recurrence or death from any cause,
while OS was defined as the time from the initial adminis-
tration of the EGFR-TKI rechallenge to death from any
cause. Statistical analyses were performed using the Gra-
phPad Prism 8 software and JMP 14.0 software (SAS Insti-
tute Inc.). p < 0.05 was considered statistically significant.

RESULTS
Patient demographics

Table 1 shows the patient characteristics (1 = 13; N5 = 5,
Dfemales = 8; Median age = 65 years; age range = 39-79 years)
of the experimental group compared with the control group.
Six patients had a history of smoking, and a performance
status (PS) of 0-1 in 11 patients and 2-3 in two patients. All
patients were histologically confirmed to have adenocarci-
noma. EGFR mutation analysis revealed seven patients with
exon 19 deletion, four with L858R (exon 21), and two with
other mutations. As the first-line TKI before EGFR-TKI
rechallenge, eight patients were treated with gefitinib or
erlotinib, four with afatinib, and one with osimertinib. In
the EGFR-TKI rechallenge, eight patients were treated with
gefitinib, erlotinib, or erlotinib plus bevacizumab and five
with afatinib. Table 2 shows the demographics of 13 patients
who received EGFR-TKIs after ICI failure. In particular, the
sequential treatment with ICIs followed by EGFR-TKIs was
consecutively repeated three times in Cases 11 and 13
(Figure 2).

Next, 62 patients in the control group were compared
with the experimental group (Table 1). The frequency of
recurrence after surgical resection was significantly higher in
the control group than in the experimental group. The fre-
quency of the T790M mutation, the number of therapeutic
regimens before the EGFR-TKI rechallenge and usefulness
of cytotoxic agents between first-line and EGFR-TKI
rechallenge were significantly higher in the experimental
group than in the control group. The administration of
afatinib as an EGFR-TKI rechallenge was more frequent in
the control group, and the ORR of the EGFR-TKI
rechallenge was higher in the experimental group.

There were no serious side effects to EGFR-TKIs with
more than grade 3 adverse events in the patients who did
and did not receive ICIs.

Efficacy and survival benefit with EGFR-TKI
rechallenge (experimental group)

Figure 3(a) shows the objective responses to the EGFR-TKI
rechallenge after PD-1 blockade treatment. The ORR and
DCR were 46.1% and 76.1%, respectively. Six of 13 patients
yielded a partial response (PR), four had stable disease (SD),
and three had progressive disease (PD). The ORRs of
EGFR-TKI rechallenge in the experimental and control
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Case 11

=

Chest XP on PD after nivolumab (1)
and just before afatinib (1)

FIGURE 2 Therapeutic
sequencing treatment and
radiographic transition in

(a) Case 11 and (b) Case 13.

(a) Case 11: Chest radiograph
showing therapeutic sequence after
nivolumab initiation. Nivolumab
was initiated, and afatinib was
immediately administered after
progressive disease (PD). The

~ sequence of nivolumab followed by
afatinib was repeated three times for
26 months, and the objective

Chest XP on PD after afatinib (1) and
resistance to nivolumab (2)

s

response rates (ORRs) of nivolumab
and afatinib were PD and partial
response (PR), respectively, each
time. Nivolumab (1); first
nivolumab, nivolumab (2); second
nivolumab, nivolumab (3); third
nivolumab, afatinib (1); first afatinib
rechallenge; afatinib (2); second
afatinib rechallenge and afatinib (3);
afatinib rechallenge. (b) Case 13:

Chest XP on PD after afatinib (2) and

Chest XP on PR after afatinib (2) resistance to nivolumab (3)

Brain MRI showing therapeutic

Chest XP on PR after afatinib (3) sequence after nivolumab initiation.

Case 13

MRI on PR after
erlotinib+bevacizumab (1)

MRI on PD after nivolumab (1) and
just before erlotinib+bevacizumab (1)

MRI on PD after
erlotinib+bevacizumab (2)
and resistance to nivolumab (3)

MRI on PR after
erlotinib+bevacizumab (2)

groups were 46.1% and 16.1%, respectively, with a signifi-
cant difference (p = 0.026). Of all patients who received
PD-1 blockade monotherapy, four patients had SD and nine
had PD, indicating an ORR of 0% and a DCR of 30.7%. In
the experimental group, the ORR and DCR of the first-line
EGFR-TKIs were 84.6% and 92.3%, respectively.

Figure 3(b) shows the total therapeutic sequence and
the treatment period from the initiation of PD-1 block-
ade therapy is shown in Figure 3(c). PD-1 blockade

Nivolumab was started. Similar to
b above Case 11, the sequence of
nivolumab followed by erlotinib
plus bevacizumab or afatinib was
repeated three times for 28 months,
and the ORRs of nivolumab and
erlotinib plus bevacizumab or
afatinib were PD and PR,
respectively, each time. Nivolumab
(1); first nivolumab, nivolumab (2);
second nivolumab, nivolumab (3);
third nivolumab, erlotinib plus
bevacizumab (1); first erlotinib plus
bevacizumab rechallenge; erlotinib
plus bevacizumab (2); second
erlotinib plus bevacizumab

MRI on PD after

erlotinib+bevacizumab (1)
and resistance to nivolumab (2)

rechallenge and afatinib (3); afatinib
rechallenge

MRI on PR after afatinib (3)

monotherapy, consisting of pembrolizumab and
nivolumab, was administered to four and nine patients,
respectively.

Next, we analyzed the survival data of the experimental
group. The median PFS of patients who received PD-1
blockade therapy was two months (range, 1.0-9.5 months),
and the median PES and OS of patients treated with the
EGFR-TKI rechallenge were five and 25 months, respec-
tively (Figure A1, online only).
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TABLE 1 Comparison of patients who received EGFR-TKIs after ICIs with the control group

Variables EGFR-TKIs after ICIs (n = 13) Control group (n = 62) p-value
Age

<70 years / 270 years 9/4 31/31 0.237
Gender

Male / female 5/8 24 /38 >0.999
ECOG PS

0-1/2-3 11/2 45/17 0.495
Smoking

Yes / No 6/7 26/ 36 >0.999
EGFR mutation status

Del 19 / L858R / other 714/2 37/18/7 >0.999
T790M confirmation

Yes / No 6/7 10 /52 0.026
Disease stage

Stage IV/recurrence after surgical resection 12/1 44/18 0.04
First-line EGFR-TKIs

Gef or Erl / Afa / Osi 8/4/1 53/7/2 0.07
Drugs used in EGFR TKI rechallenge

Gef, Erl or Erl + Bev / Afa 8/5 8/54 <0.001
Response to EGFR TKI rechallenge

PR/SD/PD 6/4/3 10/37/15

Objective response rate 46.1% 16.1% 0.026
Number of therapeutic regimens before EGFR-TKI rechallenge

1/2/ more3 0/2/11 13/29/20 0.001
Usefulness of cytotoxic agents between first-line and TKI rechallenge

Yes / No 13/0 38/24 0.006

Note: Bold character means statistical significance.

Abbreviations: Afa, afatinib; Bev, bevacizumab; CR, complete response; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR-TKI, epidermal growth factor
receptor-tyrosine kinase inhibitor; Erl, erlotinib; Gef, gefitinib; ICIs, immune checkpoint inhibitors; Osi, osimertinib; PR, partial response; SD, stable disease.

Analysis of PBMC:s in the experimental group

The analysis of peripheral blood mononuclear cells (PBMCs)
was successfully performed in 11 of 13 patients at two time
points, that is before the ICI and EGFR-TKI treatments; how-
ever, PBMCs were collected only before ICI therapy without
EGFR-TKIs in the remaining two patients. In particular,
blood samples at two time points, that is before the ICI and
EGFR-TKI treatments, were collected three times in Cases 11
and 13. Figure 3 shows the transition of CD4, CD8, Foxp3,
and CD62L"°" before the ICI and EGFR-TKI treatments. No
statistically significant differences in the percentage of these
lymphocytes were observed before the ICI and EGFR-TKI
treatments in patients with PR (Figure 4(a)) and without PR
(Figure 4(b)) after the EGFR-TKI rechallenge.

Dramatic response by EGFR-TKI rechallenge in
two cases

As described above, Case 11 and Case 13 repeatedly received
the sequential ICI regimens followed by EGFR-TKIs
(Figure 2), as previously reported.’

Case 11 A 64-year old woman with adenocarcinoma repeat-

edly received sequential treatments, including EGFR-
TKI and cytotoxic agents (Figure 2(a)). As there was a
resistance to the EGFR-TKI and systemic chemother-
apy, nivolumab was initiated. One month after its
administration, PD was observed; therefore, the
patient was treated with afatinib rechallenge. Two
weeks after treatment, a drastic response of tumor
shrinkage in multiple pulmonary metastases was iden-
tified. Ten months after the rechallenge, pulmonary
metastases exhibited marked regrowth, and nivolumab
was restarted. Because of immediate tumor progres-
sion, afatinib rechallenge was repeated for a second
time. The tumor regression continued for
seven months, and the patient also had tumor
regrowth of pulmonary metastases. Nivolumab as a
rechallenge was administered for the third time; how-
ever, progression of pulmonary metastases also
occurred. Considering the possibility of nivolumab
followed by afatinib therapy, afatinib as a rechallenge
was administered for the third time and the patient
had tumor regression and continued to receive
treatment.



869

WILEY

*apisidola ‘9T-J A $9seasIp a[qels (S uonerper ‘13 ‘snjels dueuniofrad g4 wsuodsar enred g paxonswad NHJ ‘qewnzijorquiad waq aseastp aarssarord ‘qq «qrunisuriso
s ‘asuodsar 9A123(qo O uonerado 1oyye 0ULLINDAI 231 2d() ‘qeUIN[OATU ‘OAIN ‘[PXejrped-qeu X, Jqeu “aseastp Sun [ennsiojur ‘] Joyqryur Jutodypaypd sunwrwl O] ‘qrunyad o0 (qrunofId ‘(I <10JIqIYuT aseuny| aursoiAl-10ydedar 10)oef
ymors rewrrapids ‘DLI-LIDF Sniels uonenur 10)dadar 1030y YImoid [eursaprds ‘uoneInuI Y IDHF PXLINV0P XL 61 UONIP ‘6T [P ‘unedsmd ‘qaap cuneidoqres “yDAD ‘QRWNZIDBAIQ ‘Adg ‘qIUTEJE “BJY SIUSAD ISIDAPE ‘IV SUORIAIqQY

uou / SUON dd  A9d/1H ad OAIN ISOQ < A9¢g/INdd/dAdD <« SO < By 61 PA STINENYZL ON 1 oletro] 6¢ €1
uou / SUoN dd  A9d/1d as wRd AG/INHA/VOAIO «+ 14 61 [PA qQIINENEBCL 9K 0 BN oy (4!
g/ < Wdd
uou / SUON dd Vv ad OAIN /VOAdD BV < XLd < M < Ag/INdd/VOddO < J°D 01581 BINENV.L ON 0 Slewag 9 11
uou / JUON dd Adg /1 dd wRd Mg/ +— WHd/VOAdD < 15O Y8G81T STINONEL ON 1 d[eta <9 o1
duou / dUoN dd BV dad OAIN 91-dA/dAdD < &V 61 P qQTINEN]TL SX 1 S[eWag L9 6
uou / SUON dd  A9g/1H ad OAIN ISQ < [ < A9g/INHd/VOddO « 14 U8S8T qQIINENETL ON 1 9[eIN L 8
uou / SUoN as  aed/rd as OAIN ISO « X1d < ®V < Wdd/VOddO < 3*D 61 PA qQTINONA]LL REIN 1 oletro] LL L
duou / duoN as 1q as OAIN [-S/XLA <¥V < D « WHd < D « WHd/dddD < J°D 61 [P a12dQ 9K 1 BN 6L 9
auou / dUoN as asd/d dd OAIN ISO/INHd/VOddO < &V 61 P STINENSPLL ON 1 S[eta] <9 S
duou / dUoN as asdg/d as OAIN WHd—XLdqeu/vOAdD < 15O < 1d 61 P qQIINENECL SX 4 BN 12 i4
uou / SUON ad Vv ad OAIN AG/INHd < AG/IH] < I1SO < ¥V « [Id < J°D 61 [PA STINENT.L 9K € Slewag o €
duou / dUuoN ad v as uRd ISOQ « [H < Ag/IWHd/dAdD < M4 Y8G81 BINENT.L ON 0 d[ewa 99 (4
auou / dUoN ad BV as wad X1d/dadd < 15O < gV g8ssT STINENECL SX 0 SN 9 T
air/avviocin YO Snag yo Smiqg SID]I 210J2q sdouanbas onnadersyy,  wonenw Y.yog WNL Supjowrg g Mpuwn Ay  ase)
SIDI Joye SDLL-4IDT DI

KAIRA ET AL

anyrey 1D I91e SPL-YIDT paAeda1 oym sjuanjed ¢1 jo soryderSowap juoned 7 4194V L



= | WILEY.

KAIRA ET AL.

FIGURE 3 Waterfall plots in objective response on
EGFR-TKI immediately after PD-1 blockade treatment in
the experimental group (a). Objective response rate (ORR)
was 46.1% and disease control rate was 76.9%. Swimmer’s
plots of therapeutic sequencing treatment from initial
EGFR-TKI to last follow-up date (b). Blue bar, the
therapeutic period of first line EGFR-TKJ; red bar, from
second line or more lines just before PD-1 blockade; green
bar, treatment period of PD-1 blockade; purple bar, EGFR-
TKI rechallenge. Swimmer’s plots of treatment period from
PD-1 blockade initiation to last follow-up date (b). The
therapeutic periods of PD-1 blockade and EGFR-TKI
rechallenge are shown by purple and red bars, respectively.
Cases 1, 2 and 3 experienced progressive disease (PD) to
EGFR-TKI rechallenge, Cases 4, 5, 6 and 7 maintained
stable disease (SD) and Cases 8, 9, 10, 11, 12 and 13 had a
partial response (PR)
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Case 13 A 39-year old woman with adenocarcinoma was
repeatedly treated with second- or third-generation
EGFR-TKI or platinum-based regimens; however, the
patient experienced therapeutic resistance (Figure 2
(b)). Thus, nivolumab was initiated, but there was

evidence of marked expansion of multiple brain
metastases one month after its administration.
Erlotinib plus bevacizumab was sequentially adminis-
tered, and the brain metastases almost disappeared
after one month. Nine months after combination
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therapy, the patient experienced obvious recurrence of
brain metastasis, and was treated with nivolumab
rechallenge. However, exacerbation of brain metasta-
ses was identified one month after treatment. Erlotinib
plus bevacizumab was started as a rechallenge for the
second time, and tumor regression was observed. Five
months after its rechallenge, there was slight regrowth
of brain metastases. Thus, docetaxel with ram-
ucirumab followed by osimertinib was initiated. How-
ever, the patient also experienced exacerbation of
brain metastases, and nivolumab followed by afatinib
was considered an effective sequential therapy. Tumor
regression of brain metastases was then observed.

1 1
before ICI before EGFR-TKI

In Cases 11 and 13, a significant transition of lympho-
cytes, such as CD4, CD8, Foxp3, and CD62L" before the
ICI and EGFR-TKI treatments was not identified (-
Figures A2 and A3, online only).

DISCUSSION

This is a complementary investigation to improve the effi-
cacy of EGFR-TKI rechallenge in patients with advanced
NSCLC with EGFR-TKI resistance. Although the poor
response to PD-1 blockade therapy in NSCLC patients with
EGFR mutations is consistent with a previous study,'* the
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administration of PD-1 blockade therapy just before the
administration of EGFR-TKI may be helpful for the recov-
ery of drug resistance related to the EGFR signaling path-
way. Some patients benefited clinically from EGFR-TKI
rechallenge after exacerbation of PD-1 blockade; however,
the tumors of other patients failed to evade drug resistance.
We observed that EGFR-TKI rechallenge immediately after
PD-1 blockade could improve its therapeutic response com-
pared to that without the previous administration of PD-1
blockade therapy. Moreover, the administration of PD-1
blockade therapy in patients with EGFR-TKI resistance did
not affect the transition of lymphocytes such as CD4, CD8,
and Foxp3 in the peripheral blood. However, it remains
unclear why PD-1 blockade immediately before EGFR-TKI
administration could change the sensitivity of tumors to
EGFR-TKIs. Further studies are warranted to elucidate the
detailed mechanism of the synergistic relationship between
the immune microenvironment and EGFR driver mutations.

Little is known about the precise mechanism by which
PD-1 blockade is potentially effective in patients with resis-
tance to EGFR-TKIs. In our study, approximately half of the
enrolled patients showed a good response to EGFR-TKI
rechallenge, whereas there was no response to EGFR-TKI
rechallenge in about 25% of all patients. In particular,
Case 11 and Case 13 had long-term exposure to EGFR-TKI
treatment, and their sensitivity to EGFR-TKI rechallenge
repeatedly recovered after exposure to PD-1 blockade.
Moreover, these two cases acquired complete resistance to
PD-1 blockade, and a significant transition of lymphocytes
was not identified before and after PD-1 blockade initiation.
We suspect therefore that some changes in immune cells
and PD-L1 expression within tumor cells may occur in the
tumor immune microenvironment after PD-1 blockade
administration. As it is impossible to obtain tumor speci-
mens by biopsy, this is a matter for speculation. Recently,
Sugiyama et al. reported that erlotinib as an EGFR inhibitor
decreased CD positive effector regulatory T cell infiltration
in the tumor microenvironment, but the combination of an
EGEFR inhibitor with PD-1 blockade yielded favorable anti-
tumor effects than either treatment alone based on their
experimental model."” Their study suggests that EGFR-TKI
when administered in conjunction with PD-1 blockade
potentially improve the efficacy of immunotherapy. As the
mechanism of potential effect, a synergistic effect of EGFR-
TKI with PD-1 blockade may recover the antitumor effect in
the situation of long-term exposure to EGFR-TKI treatment.

Meanwhile, TMB might have increased compared to
prior EGFR-TKIs, although TMB testing was not performed
in all cases. A previous report suggested that TMB was
increased in response to EGFR-TKIs’; therefore, a majority
of our patients may have exhibited a high TMB before the
initiation of the PD-1 blockade therapy. Of note, five
(83.3%) of six patients with a PR to EGFR-TKIs immediately
after PD-1 blockade showed a PD after PD-1 blockade ther-
apy, whereas five (71.4%) of seven patients who showed an
SD or a PD with the EGFR-TKI rechallenge yielded an SD
after PD-1 blockade treatment (Table 2). The introduction

of PD-1 blockade therapy may restore EGFR-TKI sensitivity
in patients with drug resistant tumors. In particular, the
noneffective microenvironment associated with PD-1 block-
ade therapy seems to encourage the therapeutic efficacy of
the EGFR-TKI rechallenge. Although it is difficult to eluci-
date the detailed mechanism regarding the recovery of sensi-
tivity to the EGFR-TKI rechallenge immediately after PD-1
antibody therapy, further investigations on such promising
subsequent therapies should be considered.

Recently, Isomoto et al. demonstrated the immune
microenvironment in tumor rebiopsy samples after progres-
sion during the EGFR-TKI treatment.'® In their investiga-
tion, the expression level of PD-L1 increased, TMB tended
to be higher, and CD8 and Foxp3 tumor-infiltrating lym-
phocytes were significantly lower after EGFR-TKI treatment
than before treatment.'® Therefore, the efficacy of the PD-1
blockade therapy is suggested to be dependent on the
expression level of PD-L1 after EGFR-TKI treatment.

In the present study, we explored the transition of lym-
phocytes in the systemic peripheral blood at two time points
before PD-1 blockade therapy and EGFR-TKI rechallenge
using PBMC analysis. The results of our study indicated that
the initiation of PD-1 blockade therapy did not have an
impact on the movement of peripheral lymphocytes. As we
could not determine the dynamic transition of the immune
microenvironment apart from the peripheral blood, it
remains unknown how immune cells change within tumor
specimens. However, the case presentations with regard to
Cases 11 and 13 revealed interesting findings. The sequential
treatment of PD-1 blockade followed by EGFR-TKI
rechallenge was repeated in the same patient; however, this
sequence was consistently effective, suggesting the recovery
of sensitivity to EGFR-TKI. To our knowledge, this is the
first study to show an improved tolerance. If dynamic moni-
toring of the immune microenvironment in tumor speci-
mens is possible, we may be able to discover new evidence
on therapeutic responses. In fact, dynamic monitoring of
tumor tissue is actually impossible; thus, it may be difficult
to elucidate the detailed mechanisms underlying the present
findings. Considering the paradoxical phenomenon in our
cases, we hypothesize that the effect of cancer
immunoediting by PD-1 blockade therapy before EGFR-
TKI administration encourages driving out the resistant
tumor cells with additional gene mutations, then EGFR
signal-dependent cancer cells are dominantly close to the
original one without additional mutations. Therefore, the
therapeutic response of EGFR-TKIs immediately after PD-1
blockade therapy may be similar to that of first-line EGFR-
TKIs. However, little is known about the detailed mecha-
nism that can be used to elucidate the phenomenon
involved in our study.

There are several limitations to our study. First, the pre-
sent study involved a small sample size assessed using a ret-
rospective approach; thus, it may have contributed to biased
results. Further confirmation of the therapeutic significance
of PD-1 blockade therapy followed by EGFR-TKIs is
warranted in a prospective large-scale study. Second, a
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comprehensive analysis of genomic alterations after resis-
tance to EGFR-TKIs was not performed. Although the anal-
ysis of genomic alterations before and after the initiation of
the PD-1 blockade therapy is an interesting issue, we could
not obtain the tumor specimens for these analyses. Recently,
liquid biopsy has been described to be available for the
detection of genomic alterations using next-generation
sequencing (NGS) analysis, but this procedure appears to
yield several limitations. Finally, the EGFR-TKIs adminis-
tered in our study were not uniform; thus, it remains unclear
which generation of EGFR-TKIs, such as first- or second-
generation are most effective as a sequential therapy after
PD-1 blockade therapy. A prospective study is therefore
required to resolve this limitation.

In conclusion, EGFR-TKI rechallenge immediately after
PD-1 blockade treatment was identified as an effective ther-
apy for NSCLC patients with resistance to EGFR-TKIs.
Although the reason for this finding is unclear, EGFR-TKI
rechallenge may be effective for patients with PD after PD-1
blockade as a prior treatment. Physicians should therefore
be alerted to the choice of PD-1 blockade therapy followed
by EGFR-TKI rechallenge as a clinical practice.
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